The carcinogenic, neutral subfraction BI of cigarette smoke condensate amounts to about o.6 °/o of the dry particulate matter and contains most of the polynuclear aromatic hydrocarbons as well as several other weakly polaric smoke constituents (8, 9, 15; Figs. 1 and 2). In order to substantiate results from bioassays with this smoke condensate fraction we attempt to identify and quantitatively determine its chemical constituents. So far, we have quantitatively analyzed fraction Bl for PAH (7), indoles (6), carbazoles (5), and chlorinated 
The carcinogenic, neutral subfraction BI of cigarette smoke condensate amounts to about o.6 °/o of the dry particulate matter and contains most of the polynuclear aromatic hydrocarbons as well as several other weakly polaric smoke constituents (8, 9, 15; Figs. 1 and 2). In order to substantiate results from bioassays with this smoke condensate fraction we attempt to identify and quantitatively determine its chemical constituents. So far, we have quantitatively analyzed fraction Bl for PAH (7), indoles (6) , carbazoles (5), and chlorinated insecticides with some of their combustion products (11) . Other constituents remain to be individually identified (Fig. 3) *. The presence of chlorinated hydrocarbon insecticides iri fraction BI stimulated our interest in tobacco pesticides and in their fate during. the burning of tobacco.
Extraction of Insecticides from Tobacco
One of the most widely applied methods of extraction of chlorinated insecticides from tobacco is the one by Bowery et al. (1) , which uses cold n.,hexane as solvent. However, we found that .with this technique only 7o--85 Ofo of the chlorinated insecticides are extracted from tobacco, compared with complete extraction in 24 hours with benzene (5) or with acetonitrile-water (15; Fig. 4 ).
The n-hexane extraction method appears to be based on the assumption that the sprayed insecticides remain on or in the waxy layer of the cuticle and do not diffuse . into . the deeper layers . of the leaf, or the midribs. In this case, cold n-hexane' extraction would suffice to dissolve the chlorinated insecticides. Based on these data we may assume that some of the DOT diffuses throughout the plant. Therefore, the use of cold n-hexane does not suffice for the quantitative extraction of chlorinated tobacco insecticides. This observation is of importance not only for the analyses Relative ()-activity on tobacco leaves (Two weeks after application of DDT-(14 on the middle leave; rei . act.
100.0)
but may have a bearing on the balance of the thermic decomposition products of insecticides in tobacco smoke.
Enrichment of Chlorinated Insecticides
Cigarettes are smoked under standard conditions to 23 mm butt length (6, 20) . The smoke is drawn through a trap immersed in dry ice-acetone and through a gas wash bottle with distilled water. The trapped particulate matter, or the benzene extract of the tobacco is consecutively distributed between three pairs of solvents, (a) cyclohexane and methanol-water (4 :1); (b) n-hexane and acetonitrile, and (c) n-hexane with acetonitrilewater (4 :1). These three distributions concentrate the chlorinated hydrocarbon insecticides 12-15 fold. In the next step the insecticides are further enriched by column chromatography on alumina.
Identification of Chlorinated Hydrocarbons
For the identification we enriched the chlorinated hydrocarbons from large samples of tobacco extracts or from cigarette smoke condensate ( In this manner we obtained material to be identified by additional physicochemical parameters. This is essential for our studies since we do not accept retention time and volume as the sole means of identification. Mass spectrometry is most useful for the characterization of chlorinated insecticides since Cl occurs in nature in an isotope distribution from CI35 to Cl37 of about 3 :1. This is reflected in the mass spectra by the occurrence of n +1 parent ions for components with n-chloratoms as well as by the occurrence of n+1 fragment ions for fragments with n-chloratoms. Furthermore, the isotopic ions have a specific ratio to each other (Fig. 8) . In cigarette smoke we were able to identify the following components by gas chromatography in two systems (flame ionization detector and electron capture detector) and by mass spectrometry (Fi&. 9): 1-chloro-2,2-bis(p-chlorophenyl)ethylene [DDM, 
. Despite repeated, considerable efforts we failed to detect endrin (1,2,3 1 4 1 10,1o-hexachloro-6,7-epoxy-1,4,4a,r;,6,7,8,8a-octahydro-1,4-endo, endo-5,8-dimethanonaphthalene) in cigarette smoke as well as in the tobacco of a blended U.S. cigarette purchased in the winter months 1967!1968. In 1964 the U.S. Department of Agriculture recommended the withdrawal of endrin as tobacco insecticide (18) , thus our finding appears plausible although it is not in accord with two recent studies (15, 17) , in which this insecticide was found. In these investigations traces of endrin were determined with tests that lad< the specificity of mass spectrometry. Endrin has 6 chloratoms and, therefore, 7 parent ions, with m/e 378, 380, 382, 384, 386, 388 and 390, and has 6 fragmentation-ions Figure 11 Ultraviolet-absorption· spectra with m/e 343 and higher. Mass spectrometry is highly specific for endrin and thus offers more accurate identification of the insecticide. Trans-4A'-dichlorostilbene and DDE were determined together by mass-spectra (Fig. 10) . Ultraviolet absorption spectra allow the determination of trans-4,4' -dichlorostilbene in the gas chromatographic effluent without interference from DDE (Fig. 11) . The ratio of DCS to DDE was found to be 4 :1 for the smoke of the tested cigarettes. Recently we were able to improve our gas chromatographic system so that we can partially separate these two chlorinated aromatic hydrocarbons (Fig. 12) .
Theoretically, it appears that the thermodynamically preferred trans-4,4'-dichlorostilbene may be formed in the reducing atmosphere of a burning cigarette (21) . This could occur via several intermediates, as suggested by in vitro tests (2, 14, 16; Fig. 13 ).
Quantitative Analysis
As internal standard for the quantitative analysis we employed C 14 -labelled DDT. Each analysis was carried out with 2.0 g cigarette tobacco or with the mainstream smoke from 50 cigarettes. After the enrichment or "clean-up" process, we used a gas chromatograph with an electron capture detector for which tritiated titanium foil is the source (Fig. 14) . The sensitivity of the instrument was better than 1 nanogram. The results for the smoke analysis are presented in Table 1 .
Depending on the concentration of the insecticides in the smoke, the experimental deviation coefficients for five smoke analyses ranged from 2.5 to 8.8%. The recovery rate for DDT-C 14 varied from 8Q-9o 0 /o. Table 2 presents the data for the analysis of the type of tobacco smoked in the test cigarettes. The transfer rate of DDT, o,p'-DDD and DDD from cigarette tobacco into mainstream smoke varied from 12-18% (Table 3) , which is in agreement with that reported by Guthrie and Bowery (4). However, the rate is about twice as high as found by Nesemann et al. (15) .
"Aging" of Tobacco Smoke Condensate
During our investigations we also analyzed "aged tar"* and found that the gas chromatogram of its insecticide concentrate shows a new maximum (Fig. 15) unless the "tar" had been stored away from light and in the cold. The mass spectrum of the new component was identical with that of trans-4,4' -dichlorostilbene. Since it is known that trans-stilbene can photoisomerize to cis-stilbene (2), we assumed that a similar photoisomerization may occur with trans-4,4' -dichlorostilbene during "aging". The cis-form of 4,4' -dichlorostilbene was indeed synthesized by exposure of the trans-form to sunlight and under our experimental conditions at 20° C, the maximal conversion rate was 48°/o (5). The cis-trans isomers were separated at 32° C on a Sephadex L.H.-2o column. Cis-4,4'-dichlorostilbene was identified by elementary analysis, mass spectra and infrared analysis. When a o.o5 molar solution of trans-4-4' -dichlorostilbene was exposed to sunlight in a gas wash bottle under a constant flow of air, we obtained up to 0.5 Ofo yield of a component identical with 3,6-dichlorophenanthrene recently synthesized by C. I. Lewis (13; Fig. 16 ). However, so far we did not isolate 3,6-dichlorophenanthrene from "aged" smoke condensate.
* The term ,.tar" is used throughout for convenience, although it is not dtemically accurate in the strictest sense. Figure 16 Photoisomerizatian and oxydation of trans-4,4'-dichlorostil· bene
Pyrolysis Experiments
Currently we are analyzing the 88o° C pyrolysis products of DOT and ODD. The final figure shows a summary of components which have been identified as pyrolysis products of ODD (Fig. 17) . We hope that these investigations may be helpful in identifying addi- + + tional decomposition products of chlorinated tobacco insecticides in the mainstream smoke. A case in point may be the highly reactive pyrolysis product of ODD, the monomer 9-methylene.fluorene (Fig. 17) . This alkylating agent may react with other smoke components or may polymerize in the smoke or smoke condensate.
Discussion
Our interest in chlorinated hydrocarbon insecticides has been motivated by their presence in the tumorigenic subfraction BI of cigarette smoke condensate. At present we are testing trans-4,4'-dichlorostilbene for its tumorigenicity on the experimental animal (19) . Biological experiments with other major pyrolysis products of DOT and ODD are planned. It has been suggested that the liver detoxification of aromatic hydrocarbons (by hydroxylation) is inhibited by insecticides and thus the exposure of the target organs to carcinogenic hydrocarbons is increased (21) . Presently, we test this concept for its applicability to the mouse skin bioassay system.
• , Recently Lacassagne and his eo-workers reported that o,p'-000, a byproduct of the technical synthesis of ODD, is highly toxic to and can also induce tumors in the testicles of rats (11, 12) . Lacassagne et al. concluded that "these results should be of interest to all investigators concerned with the degradation of the life conditions in the normal environment and the possible destruction of the animal species . by the abusive use of insecticides".
SUMMARY
An analytical method was developed for the qualitative and quantitative determination of chlorinated hydrocarbon insecticides in tobacco products. It is based on three consecutive liquid-liquid distributions, followed by column chromatography on deactivated alumina. This procedure leads to a degree of enrichment which permits the direct assessment of the insecticides by gas chromatography. For the isolation and identification of the individual components the column chro~atography endfractions are separated by gas chromatography and collected from the effluent of the column. These materials are used for mass spectrometric analysis. For the quantitative analysis C14_labelled DOT is employed as internal standard and the amount of insecticides is determined with the aid of a gas chromatograph with an electron capture detector with a sensitivity for chlorinated insecticides of 1 nanogram (1o-9 g). In 1.0 g cigarette tobacco were found 11.7 !J. ] . Endrin was neither detected in cigarette smoke nor in commercial U.S. tobacco samples purchased during the winter 1967-68. The transfer rates for unchanged chlorinated insecticides from cigarette tobacco into mainstream smoke were 18 °/o for DDD, 11.60/o for o,p'-DDD and 12.4 Ofo for DDT. The extraction of tobacco with n-hexane does not yield a complete extraction of chlorinated insecticides. A study in which a ~ingle leaf of a tobacco plant was sprayed with C14_labelled DDT indicated that the insecticide to some degree permeates the tobacco plant by diffusion into the lower layers of the leaf. In tobacco smoke condensate, which is exposed to sunlight or white laboratory light, one pyrolysis product of DDD and DDT, tranS-4A'-dichlorostilbene, is photoisomerized to its cis-isomer. In an in vitro test cis-4,4'-dichlorostilbene was found to be dehydrogenated in air up to 0.5 Ofo to 3,6-dichlorophenanthrene. Pyrolysis experiments at 88o° C with DDD and DDT have been discussed briefly. In addition to components already found in cigarette smoke, chlorobenzene, the highly reactive 9-methylenefluorene and tentatively 1-chloro-2,2-(p-chlorophenyl)ethane as well as 3,6-dichloro-9-chloromethylfluorene were identified in the pyrolyzate. The findings of this study are compared with earlier investigations and discussed in respect to the formation of some of the chlorinated aromatic hydrocarbons. Animal studies are needed to evaluate the possible tumorigenicity of the major pyrolysis products of DDT and DDD. Pyrolyse-Versuche mit DDD und DDT bei 88o° C sind kurz erortert. AuSer denim Cigarettenrauch identifizierten Verbindungen enthlilt das Pyrolysat nachweislich das hoch reaktionsflihige 9-Methylenfluoren sowie moglicherweise 1-Chlor-2,2-(p-chlorphenyl)lithan und auch 3,6-Dichlor-9-chlormethylfluoren. Die Ergebnisse der vorliegenden Arbeit werden mit denen vorangegangener Veroffentlichungen verglichen und in bezug auf die Bildung einiger der chlorierten aromatischen Kohlenwasserstoffe diskutiert. Zukunftige Tierversuche mussen die Frage der karzinogenen Eigenschaften der Insektizide und der Pyrolyseprodukte aufklliren. R£SUME Une methode analytique a ete mise au point pour la determination qualitative et quantitative d'insecticides organo-chlores clans des produits du tabac. L' analyse est basee sur trois distributions consecutives liquideliquide suivies d'une chromatographie sur colonne d'alumine inactivee. Le procede conduit a un enrichissement suffisant pour permettre la determination directe des insecticides par chromatographie en phase gazeuse. L'isolement des composants individuels se fait par separation des fractions finales de la chromatographie sur colonne grace a une chromatographie en phase gaz~use.
Les effluents correspondant aux pies chromatographiques sont ensuite identifies par spectroscopie de masse. Pour les analyses quantitatives, le DDT marque au carbone 14 a ete utilise comme standard interne et le dosage a ete fait en chromatographie gazeuse avec detection par capture d'electrons (limite de sensibilite 10-9 g). Dans 1,0 g de tabac on a trouve 11,7 !J. g de 1,1.,1-trichloro-2,2-bis(p- L'extraction de tabac avec le n-hexane ne permet pas !'extraction complete des insecticides organo-chlores. Une etude d'une seule feuille de tabac arrosee de DOT marque au carbone 14 a montre que !'insecticide penetre clans une certaine mesure clans la plante de tabac par diffusion clans les couches inferieures de la feuille. Si l'on expose le condensat de fumee de cigarette a la lumiere du soleil ou a la lumiere blanche du laboratoire, un produit de pyrolyse du ODD et du DOT, le trans-4-4' -dichlorostilbene, est photo-isomerise a son cisisomere. Par un test in vitro on a trouve que le cis-4-4'-dichlorostilbene se deshydrogenait a 1' air clans une proportion s'elevant jusqu'a 0,5 °/o pour donner du 3,6-dichlorophenanthrene. On a discute succinctement des essais de pyrolyse a 88o° C du ODD et du DOT. En plus des composants deja trouves clans la fumee de cigarette, on a identifie clans les produits de pyrolyse, le chlorobenzene, le tres reactif 9-methylenefluorene, et experimentalement du 1-chloro-2,2-(p-chlorophenyl)ethane aussi bien que du 3,6-dichloro-9-chloromethylfluorene. Les resultats obtenus clans cette etude sont compares avec ceux provenant de recherches anterieures et sont discutes sous le rapport de la formation de quelques derives chlores des hydrocarbures aromatiques. Des etudes biologiques sont necessaires pour evaluer le pouvoir tumorigene eventuel des principaux produits provenant de la pyrolyse du DOT et du ODD.
